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. Loads m e w e d  on the  horizontal tail,  ve r t i ca l   t a i l ,  an& wing 
and the  aeroelastic  distortions of elevators,  atabilizers, and fuselage 
of a -5A airplane  in a right and a left roll at a Mach nuniber'of 0.60 
and an alt i tude of 15,000 fee t  aze presented. The data are given in  
tlDu34listory  f om. 

~ O D U G T I O I B  
I 

A B-45A-airplane has been made available t o  the EACA for a t a i l -  
loads investigation. !l%e airplane has been instrumented  with- s t ra in  
gages f o r  measurements of the  horizontal-tail,  vertical-tail, and wing I 

loads and wrth additianal  instruments f o r  measurement of the deforma- 
t ion which  occur^ i n  the elevators,  stabilizers, and fuselage due t o  
aerodynamic and iner t ia  loads. 

I 

Some immediate resul ts  obtained from the first flight, which was 
primarily a pKlo t - fd l i a r i za t ion  and in8truruen-t check flight, are  
presented, in,this paper. Loa& on the horizontal tail, vertical tail., 
and w i n g  a ~ d  the   s t ruc turd  deformation of stabilizers,  elevators, end 
fuselage during right asd l e f t  aileron r o l l s  xith rudder fixed  at  an 
alt i tude of 15,000 fee t  and a Mach nlxniber of 0.60 are presented in 
t M i s t o r y  form. Time histories of a steady-flight run, two pull-ups, 
and a  turn have previously been reported in reference 1. 

I 
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synibols used in this  paper  are defined as follows: 

M plach number 

% pressure  altitude 

8 acceleration due to gravity, 32.2 feet  per  second  per 
second 

Up l o a d s  on the horizontal  StabiliZers, e1evatmsJ and w i n g  axe 
comidered positive.  Positive  loade on the  vertical  tail  act to t h e  
right  when look- f o m d .  Other s i a  CanVentiOnS Used defined 
in t he  f i v e s .  

The  airplane used f o r  this  investigation  is a B-k5A (No. 7021). 
Figure I is a three-view  drawing of the airplane showing  the  approxi- 
mate locations of the load asd deflection-measuring  devices. 

Standard RAcccI photographic  recording  instruments w e  used to 
measure airspeed  and altitude, rolling,  pitching,  and yawing velocities, 
sideslip angle, accelerations,  control  forces,  and  control  positions. 
The normal,  transverse,  and  longitudinal  accelerations axe measured  at 
the  airplane  center of gravity and at  fuselage'station 714 (approxi- 
mate- t h e  ane-quarter chord of the  horizontal  tail).  Measurement8  of 
normal accelerations axe a l s o  made at t h e  midsemispan and tip of both 
horizontal  rrtabilizers. 

The airspeed boom is mounted at the left w i n g  tip  with  the ai- 
speed  head approxbately l chord length ahead of the  leading  edge. 
m e  reeults of a flight  calibraticm of the sirspeed system  for 
position  error and the  analysis of available data f o r  a similar 
inetallatios  indioate  that  Mach number is correct to kO.01. The 
sideslip-asgle  recorder  is  mounted  on a boom extending  approxi- 
mately 1 chord  length ahead of the right wing at  the  tip. 

Electrical  resistance strain gages are installed on each  spar 
f o r  ahem and b e n d j t  measurements at stations 18 and 14 on 
the  horizontal  and  vertical  tails,  respectively, and at station 71 on 
the WFng. In addition,  strain  ass inertalled on the  elevator and 
rudder hinges and  torque  tubes  permit  measurement-s of loads and torques 
on these  control  surfaces. %let bars installed  .in  the.  horizontal - 
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stabil izers are  used t o  measure the twist of t h e  stabil izer midsemi- 
apm and t i p  with respect t o  the root. Control-position t r m t t e r a  
mounted at  the r o o t  and t i p  of each elevator are used t o  measure the 
elevator twist. !@e t r a n d t t e r a  a m  wired s o  as t o  give no response 
when the  elevator i s  deflected without twisting. In f l ight ,  these 
measurements refer  t o  twist of  the elevator  relative  to the stabil izer.  
The right and lef't elevator8 are warped at the t i p  l.Oo md 1.50 trailiw 
edge up, respectively. To obtain total   elevator t w i s t ,  the  elevator 
built- in twist muet be added to t h e  flight measuremente. Adaitional 
control-position  transmitters  installed at the root  of the elevator are 
used t o  masure the elevator  position. The positions  of-  the tabs, rudder, 
ash ailerons m e  also measured by control-poeition tranami-kbers. 

A n  optigraph mounted at the  rear qaz of the wing (Azsehge 
statim 423) is used to record the ver t ica l   mt ion  of a lights 
positioned in the  fuselage at the approxlma-te location 09 the front 
and rear spars of the  horizontal tail (f~~eelage statiCm8 6% 759) - ' 

-om t h i s  Fnat-tian a time history of the structural  deflection of 
the  rear  portion of' the fuselage can be obtained. A - - 1 second time 

pulse -was used t o  correlate h t a  from recording inst&ts. 
IO 

The data reported  herein were obtained in right and left ro l l s  at 
an alt i tude of i5,OOO feet and M = 0.60. 

RISmS AND DISCUSSIOR 
4 

The loads  presented m e  aerodynamic loads. The estimated  reading 
accuracies f o r  the quantities measured are shown in table I. 

I 

Presented in figure 2 are time histories of quantities measured 
in the ri&t r o l l  with the airplane in the clean condition at a Mach 
number  of approximately 0.60 at 15,000 feet. Time histories of 
meamremanta made during a left roll at  approxim&telg the same a l t i t ude  
and Mach number are &own in figure 3. mere waa no appreciable Tarla- 
tion in airspeed o r  a l t i tude duripg either maneuver. 

It can  be seen fr& figure 2 that the horizontal-tail-load 
dissymmetry during a right r o l l  is small, the greatest be- 400 pounds 
more dovn load on the lef t  tai l .  The horizontal-tail  load varies 
between 2700 pounds and 3800 pounds in the down directicm. Elevator 
1- a r e  up and -1 and aze less than 400 po~nas. 

A t  the start of the run the airplane is in steady 2 O  lef t  side- 
sl ip,  and at the time of greatest.vertical-tail  load  the  sideslip angle : 
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is approximately  zero. The marimurn rate of r o l l -  is 0.46 radian  per 
second. The elevator angles are practically  constant at 2.0° dam 
during the maneuver. 

The vertical-tail load i n  the right. r o l l  is mall. m e  fin load 
is  420 pounds t o  the right at the start of the ntzl w-ith a load 
of 950 pounds t o  the l e f t  occurring at the time of zero  sideslip. .  The . 
rudder load is t o  the left throughout the maneuver and 5s always lese 

' than 200 pounds. The rudder angle i s  zero. 

R i g h t  and l e f t  wing l o d s  are presented. The differential  rlgging 
of the ailerons accounts in part for the unsgmmetrical appearance of 
t h e  c m e a .  *lm~m total  aileron  deflection  for thfs mmeuvm ( s u m  of 
right l e f t  deflections) l e  appro-teu 18O. .,The maximum t o t a l  
aileron angle available is 450. 

Right' and left  stabil izers twisted approximately 0.2' nom d m  
while the O.lf%nch tail-down bending of t h e  fuselage at station 699 
was reduced 0.03 inch during the rol l .  Measured t w i s t  of the left 
elevator is 0.75O t ra i l ing  edge up while the  tWist measured on the 
righk elevator is 1.5O t ra i l ing  edge up . The difference  in measured 
twfet of right and left elevators in  flight may be attributed t o  the 
elevator  built-in twist. 

Figure 3 ahow8 that the  greatest horizontal-tail-load d i e m t r y  
in left roll is 750 pounds. A t  the same time the sideslip angle 
increased from 1.7O lef t  t o  4.k0 left.  Total  horizontal-tail loads 
inCrea6ed positively from 3800  pound^ down to 2000 pounds dam. 
Elevator loads m e  less than 400 pounda in the up direc!tian. 

m e  maximum rate of r o U  in  the l e f t  r o l l  is 0.56 radian  er 
second. The elevator angles are constant at  approPimRtely 2.0 d m .  
The greatest to t& aileron w e  is 23O. 

It is seen that the increment in fFp load is 1600 pounds with a 
. m a x j m a m  load t o  the right of 2000 pounds, which occurs at approximately 
the the of peek sideslip. The rudder load is amd l  and varies 
from 100 pounde t o  the  left t o  40 p o w  t o  the right. The rudder 
angle is zero. 

The ri&t and left wbg lo& m e  approximately  symmetrical about 
a mean which $allows the trend of the center-ofwavity normal- 

, acceleration curve. Stabilizer and elevator  twiats and fuselage deflec- 
t ion are similar t o  those ahown in figure 2. This similarity is t o  be 
eqecte&since  horizontal-tail  loads in both right and l e f t  rolls were 
found to.  be comparable. 

I 
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i 
The remilts  obtained indfcate that loads on the ffg asd rudder of 

the test  airplane axe maall during right asd . left   ai leron rolls with . 
rudder fixed at M = 0.60 and an alt i tude of l5,OOO feet .  The incr- 
ment in sideslip angle of 2.T0 was obtalned using a t o t a l  aileron 
deflection of approxltmately ondmlf w e  available  aileron  travel. The 
greatest load dissymmetry on the horizontal tail occurred during the 
l e f t  r o l l  where the r i g h t   t a i l  cazried 750 pounds more down load than 
the left. 

1. Aiken, W i l l i a m  S., Jr., and Wiener, Bermxrd: Tbm Histories of 
. Eorizontal4?ail Loads on a JetSowered Baniber Airplase in Four 

Maneuvers. RAGA RM LgHl&, 1949. 
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Center-of"@yavfty n o m  acceleration. g units . . . . . . . . .  b . 0 3  
Tail normal acceleration. g unitB . . . . . . . . . . . . . . .  k0.W 
Tail transverae  acceleration. g units . . . . . . . . . . . . .  f0. 01 
Elevator positions. deg . . . . . . . . . . . . . . . . . . . . .  a.25 
Ailerm positiom. deg . . . . . . . . . . . . . . . . . . . . . .  k0.10 
Rudder positions. deg . .  ._. . . . . . . . . . . . . . . . . .  k0.10 
Sldes l ip  angle. deg . . . . . . . . . . . . . . . . . . . . . .  10.10 
Pitchlng acceleratim. radiass/sec* . . . . . . . . . . . . . .  d.01 
Rolling velocity. rdians/eec . . . . . . . . . . . . . . . . . .  a.008 
Yawing velocity. raaans/sec . . . . . . . . . . . . . . . . . .  20.01 
T o t a l  horizontal-tail  aerodyxmmic load. lb . . . . . . . . . . .  ~ 6 0  
Stabilizer aerodynamic load. lb (each  stabilizer) . . . . . . .  k1k0 
Elevator aerodynamic load. lb (each  elevator) . . . . . . . . .  6 0  
T o t a l  vertical-tail  aerodynamic load.. lb . . . . . . . . . . . .  %130 
Fin aerodynamic load. lb . . . . . . . . . . . . . . . . . . . . .  a00 
Rudder aerodpmnlc load. lb . . . . . . . . . . . . . . . . . .  230 
W i n g  aerodynamic load. lb  (each w i n g )  . . . . . . . . . . . . . .  5000 .. 
Stabilizer  twiet at tip. deg . . . . . . . . . . . . . . . . . .  LO.015 
Stabilizer t w i s t  at mfdsemispan. deg . . . . . . . . . . . . . .  20.007 
Elevator twirrt  (uncorrected for stabilizer twist). deg 5.07 
FuaeleLge bending deflection. in . . . . . . . . . . . . . . . . .  k0.03 
Mach nunib& . . . . . . . . . . . . . . . . . . . . . . . . . .  10.01 

L . . . . .  
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Figure 1.- Three-view  drawing  of  test airplane showing approximats 
locations of strain-gage  bridges and deflection-measuring  devices. 
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Figure 2 .-’ Time histories of measured quantities during a ri&t roll. 
Airplane weight, 61,000 pounds; center of mavfty a t  28.30 percant 
mean  aerodynamic chord. 
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Figure 2 .- Continued. 
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Figure 2 .  - Concluded ; 
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Figure 3.- Time histories of measured' quantities during a left r o l l .  

Airplane weight, 61,000 pounds;  center of gravity  at 28.30 percent 
m e a n  aerodynamic  chord. 
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Figure 3 .- Continued. 
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Figwe 3 .- Concluded. 
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